This paper attempts to at least partially redress a paucity of current literature on the joint analysis of inter and intra firm diffusion of innovations within as well as across countries. In particular, by using two datasets derived from independent countryspecific surveys, it undertakes an international comparison of inter and intra firm diffusion of ICT use in the UK and Switzerland. This allows one to address many of the problems that have prevented general conclusions on the drivers of inter and intra firm ICT adoption decisions. An encompassing model is proposed which gives quite satisfactory results for both countries. It is found that inter and intra firm ICT adoption decisions are driven by different factors, confirming the findings of Battisti and Stoneman (2003, 2005) and Hollenstein and Woerter (2004) that "first use'' and "intensification of use" represent independent choices. The study also suggests that significant differences exist between the UK and Switzerland, probably as a result of their differing diffusion stages. Besides, the importance of new organisational and managerial practices as drivers of diffusion stressed by recent theoretical and empirical work is supported for both countries. Overall the findings suggest that comparative research is a promising way to identify robust relationships and should be explored further.
Inter and Intra firm Diffusion of ICT in the United Kingdom (UK) and Switzerland (CH)

An Internationally Comparative Study Based on Firm-level Data
Introduction
In the last few years, research has made great progress in understanding and modelling the factors that lead to first adoption of an innovation, i.e. inter firm diffusion (see Stoneman, 1995 and Hall, 2004 for surveys). However, as emphasised by Battisti and Stoneman (1997 , 2005 , if one is interested in the benefits generated by an innovation within an economy, it is also important to understand the determination of the extent of use by adopting firms after first adoption (intra firm diffusion) 1 but the literature on intra firm diffusion is still quite limited. After the seminal work of Mansfield (1968) and Stoneman (1981) , based upon learning and information acquisition, further theoretical developments have been made by Battisti (2000) and Battisti and Stoneman (2005) , based upon profitability considerations, while the empirical analysis of intra firm diffusion of IT technologies has been advanced by among others Astebro (2004) , Battisti, Canepa and Stoneman (2004) hereafter BCS (2004), Fuentelsaz et al. (2003) , Hollenstein (2004) and Hollenstein and Woerter (2004) . Moreover, most theoretical and empirical work upon diffusion seems to focus either solely on inter or solely on intra firm diffusion rather than recognising that the two processes often have common features and may well interact. Exceptions are the work of Battisti and Stoneman (2003, 2005) on the diffusion of CNC as well as BCS (2004) , Hollenstein (2004) and Hollenstein and Woerter (2004) on the diffusion of the internet, E-purchasing and E-selling.
One of the causes of the paucity of intra firm studies is to be found in limited data availability. In fact, data on the within firm extent of use of a new technology over time is not systematically collected by any statistical agency and ad hoc national surveys are the only (rare) source. It is even more difficult to find cross-country comparative data and thus to have the possibility to control for country-specific factors such as institutional arrangements that may obscure the real importance of other variables. As a result cross-country comparisons tend to be based upon surveying existing national studies of specific innovation, these often being based on slightly different definitions, different datasets (panel data or cross section) and model specifications (dependent variables, explanatory variables, etc.) thereby restricting the validity of any crosscountry conclusions drawn (see for example Canepa and Stoneman (2004) on the diffusion of AMT). Even rarer is data on the diffusion of multiple innovations within a 1 See Battisti and Stoneman 2003 for further details on the extent of the importance of inter and intra firm diffusion over time.
country where innovations can be analysed in parallel using the same model, exceptions being the work of Stoneman and Toivanen (1997) on the simultaneous adoption of multiple technologies in the UK or the studies based on sub-categories of AMT (Arvanitis and Hollenstein, 2001, Colombo and Mosconi, 1995) or ICT (Hollenstein, 2004) or E-commerce (Hollenstein and Woerter, 2004, BCS, 2004) . Recently Comin and Hobijn (2004) have made available a multi-technology, multi-country diffusion data set that will to some degree alleviate some of the problems. Even this data set however, like all the internationally comparative data sets known to us to have been used in published research, is confined to inter firm diffusion and as far as we are aware there are no internationally comparative studies of intra firm diffusion. In that sense this paper is unique.
In this paper we analyse inter and intra firm diffusion of ICT in the UK and Switzerland by applying the same model specification and the same estimating procedure to both countries. Most empirical studies of diffusion in Economics tend to focus on one (or perhaps two) alternative specific model(s) of diffusion, e.g. probit or epidemic models (see Karshenas and Stoneman, 1995 for a survey and classification of models). It would be better to test either an encompassing model or use a general to particular methodology (see, for example, Stoneman, 1993 and Mosconi, 1995) , which is an approach extended by Stoneman and Battisti (1997) to intra firm diffusion. That is what we intend to do here.
The model specification and the variable selection criterion is based upon BCS (2004) , that propose an "integrated" equilibrium diffusion model that extends the list of determinants of the intra firm diffusion of ICT to those factors that have traditionally been shown to affect inter firm diffusion i.e. rank, epidemic, stock and order effects.
This model allows one to control, inter alia, for country specific factors as well as other key drivers of the inter and intra firm diffusion of ICT technology in the two countries.
Among the key determinant of diffusion, particular emphasis is here put on the role of organisational and managerial innovation. This is to reflect the increasing interest in the current literature on the economics of technology diffusion on organisational and/or managerial changes as a means to better exploit potential efficiency gains arising from the adoption of an innovation. Milgrom and Roberts (1990) strongly argued for the complementarity of ICT-based innovations in a firm's activities in manufacturing, engineering, marketing and organization (management style, workplace organization, user/supplier relationship), presenting a theoretical model of a firm optimising its activities in the presence of such complementarities (see also Milgrom and Roberts, 1995) . Brynjolfsson and Hitt (2000) make a strong case for the complementarity of investments in ICT and organization (and other intangible assets) based on a review of empirical evidence from case studies and microeconometric work. Bresnahan et al. (2002) , among others (e.g. Greenan and Guellec, 1998 or Gretton et al., 2004) , find a significantly higher return on investment in ICT in firms that have established more flexible and decentralised forms of workplace organization than in those sticking to a more traditional centralised organisational design. However, the relationship between organisational change (at the managerial level or at the workplace) and technology diffusion has yet to be established, based on an "integrated" diffusion model (as proposed by BCS, 2004) , although some previous work is available (see for example Battisti and Stoneman, 2005 on the impact of new managerial practices, Battisti et al., 2005 on joint design and CAD, or Hollenstein, 2004 on the relationship between decentralised workplace organization and the use of ICT, with the two last-mentioned papers dealing with the problem of causality between technological and organisational innovations). In the present context, most importantly, it has to be established whether the impact of organisational and managerial changes do differ between inter and intra firm diffusion. This is therefore specifically approached in the modelling.
Initially a bivariate probit model allowing for sample selection is estimated which is built upon the assumption that intra firm diffusion is co-related to the decision to first adopt. However, since the two decisions turn out to be independent, we re-estimate each of the two steps using separate independent probit models: one for adoption (inter firm diffusion) and one for the extent of use of ICT (intra firm diffusion). In so doing, we address at least some of the above mentioned problems that have prevented general conclusions on the drivers of intra and inter firm technology diffusion.
The UK dataset used in this paper is basically a cross section outsourced from the third UK Community Innovation Survey (UK-CIS3). The Swiss data comes from the Swiss Community Innovation Survey carried out in 1999 (CH-CIS) and the ICT survey conducted in 2000. However, some firms as well as some variables were present in only one of the two datasets. Moreover, in order to match the information contained in the UK-CIS3 dataset, firms with less than 20 employees and some industries had to be dropped. This has reduced the usable sample to 479 Swiss firms. The UK dataset has been adjusted accordingly leading to a usable sample of 4642 UK enterprises.
The paper is structured as follows: Section 2 and 3 are devoted to a description of the database and the pattern of ICT usage in UK and Switzerland. Section 4 describes the conceptual framework and presents the empirical model. In section 5 the estimation procedures are discussed and the empirical results are presented. Finally, in Section 6 we summarise and assess the main findings of the paper.
The datasets
The data used in this paper derives mainly from the Community Innovation Survey We therefore define three mutually exclusive categories of users: i) Non users: those firm that had not adopted the internet by 2000; ii) Basic users, those firms that report 2 We tried matching the information available in the UK-CIS2 for those firms present in the UK-CIS3 but the resulting cohort of firms reduces to an extent that would cast serious doubts on the significance and representativeness of the population of UK firms (see also footnote 8). At the time of the writing of this paper the ONS is carrying out the fourth CIS survey in the UK. This could have provided us with the longed longitudinal time dimension had the question on the extent of use of e-business not been omitted from the questionnaire. 3 Intra firm diffusion is often measured by indicators such as the proportion of the firm's capital stock that embodies the new technology, or the proportion of output produced using the new technology, or, say, in the current situation, the proportion of employees connected to the internet (see, for example, Arvanitis, 2005) . The UK data does not provide information on such measures. We are able however to consider intra firm diffusion via a different metric. As e-business spreads, one might not only expect the number of users in the firm to increase but also for the range of tasks that they perform using the technology (also or alternatively) to increase and/or for the tasks that they perform using the technology to increase in sophistication. Although respondents to the questionnaire were asked to tick all that apply, it was clear that respondents did not follow this instruction. We are thus unable to use the number of tasks performed by users as a metric for intra firm diffusion in this research. We are thus limited to using the sophistication of tasks performed as a measure of intra firm diffusion. This is very similar to Forman et al. (2002 Forman et al. ( , 2003 who, using similar data to that available here, and looking at internet usage in the US, only a basic internet presence and use the internet only for information and other basic applications (e.g. e-mail); and iii) Enhanced users, those firms that engage in more complex transactions allowing customers to place orders and/or who commerce with other businesses through the internet site. From an original sample of 126,775 records on the UK Inter Departmental Business Register, the UK-CIS3 questionnaire was sent to a stratified sample (by industry and firm size) of 19,602 enterprises with more than 10 employees and located in industries 10 to 74 of the SIC 92 industrial classification (see Appendix 1). Of the original sample, 8,173 responses were eventually registered.
We have no reason to believe that there are any particular biases in this final sample, although we are not aware of any formal checking of this for CIS3; a post survey random sample of 317 non respondents in CIS2 showed no bias in the returned sample (see Economic Trends, Office for National Statistics, October 1998).
The pattern of ICT usage in the Swiss business sector is based on matched data derived from two surveys carried out in 1999 and 2000 respectively. The earlier survey focused on the innovation activities of Swiss firms (CH-CIS), while the latter dealt with ICT and workplace organization. The two surveys were based on the same sample of firms covering manufacturing, construction and (commercial) services. The sampling frame of the CH-CIS survey was determined by stratifying 28 industries and 3 industry specific firm-size classes, with full coverage of large firms. The ICT survey was sent to a sample of 6717 firms with more than 5 employees, yielding a response rate of about 40% (2641). The survey on innovation was sent to 6435 firms with more than 5 employees; the response rate amounts to 33.8% (2172). On both surveys a non-response analysis was undertaken in order to correct for "unit" non-response. Some selectivity bias was found in both surveys, which has been corrected by a suitable weighting scheme (see Donzé, 1998 for the procedure). 4 Similar to the UK-CIS3, the CH dataset contains information on the extent of intra firm use of e-business that allows one to use the BCS (2004) draw a distinction between participation (is the internet used) and enhancement (how extensive are the uses to which it is put). 4 "Item" non-response is a further problem of survey data. The usual procedure dropping observations with incomplete data may produce biased estimates. Therefore, we substituted imputed for missing values using the "multiple imputation" method proposed by Rubin (1987) . The corrections for the two types of non-response was necessary in order get reliable information on the diffusion of ICT.
use it as an enhanced user does, but instead uses it, for example, to search for information in general, advertising, online discussions, further education; ii) Enhanced users: when a firm has introduced the internet by 2000 and use it for one of the following internet-applications: buying of products or services or arranging payments or usage of virtual markets for firms (Business-to-Business) or other internetapplications in order to obtain goods/services or selling (without online-payment) or selling (with online-payment).
To keep the Swiss data comparable with that from the UK the two samples had to be restricted to the industries in the UK dataset which involved excluding industries 10-14 of the SIC92 classification for the UK and removing data from the CH dataset for industries 50 (part of wholesale), 52 (retail), 55 (hotels and restaurant), and 93 (personal services). In addition, the Swiss organisational variables were available only for firms with at least 20 employees. This has led to a further adjustment in the UK sample size.
The resulting working samples are 4642 observations for the UK and 479 observations for CH. 5
Patterns of ICT use in the UK and Switzerland
As emphasised by Battisti and Stoneman (2003) the diffusion pattern of an innovation can be decomposed into two components: inter and intra firm diffusion. Inter firm diffusion is essentially the degree of penetration of the innovation across the firms within an industry which we measure by the within industry proportion of firms that have adopted ICT by 2000. Intra firm diffusion is essentially the extent of use of the innovation by the adopting firms which we measure here as the proportion of firms that use ICT at a basic or enhanced level. In Tables 1a and 1b we report such diffusion patterns in 2000 based upon the information contained in the CH and the UK datasets respectively.
The first row of Tables 1a and 1b indicates that by 2000, while non-users are the smallest group in both countries, the percentage of basic users in the UK (62.3%) corresponds almost to the percentage of enhanced users (74%) in CH. On the contrary the group of enhanced users in the UK (28%) is approximately as large as the group of basic users (17%) in CH. This suggests that despite the extent of inter firm diffusion being about the same in both countries (93% CH and 90% UK), the extent of intra firm diffusion of ICT differs markedly between the UK and CH. In particular, ICT was in 2000 used far less intensively in the UK than in Switzerland.
Insert Table 1a and 1b here
The second part of Tables 1a and 1b The similarities in the inter firm diffusion pattern across sectors and firm size classes in the two countries seem to suggest that ICT usage depends to a large extent on market specificities, technological opportunities and on general structural characteristics.
However, the fact that the UK reports a lower level of intra firm diffusion in all subcategories suggests that comparative modelling will be necessary to understand the nature and the drivers of such differences across the two countries.
Conceptual framework: an integrated model of diffusion
The conceptual framework adopted in this paper is taken from Battisti and and later extended by BCS (2004) on the diffusion of e-business activities. They construct an encompassing model reflecting the different strands in the inter firm diffusion literature and then let the data indicate whether these strands are empirically relevant to intra firm diffusion. In both inter and intra firm dimensions the model is designed to reflect several equilibrium (i.e. rank, stock and order) approaches and disequilibrium (i.e. epidemic learning) modelling traditions (see Karshenas and Stoneman, 1993 for a classification of such effects).
The essence of the BCS (2004) model is that firm i in industry j will first adopt or extend use of a technology when the marginal profit gain in time t, П ij (t), from either first use or the extension of use by one unit is greater than the expected adoption cost P i (t) of a unit of that technology (all potential adopters being assumed price takers on all markets). It is assumed that П ij (t) is a function of:
i. the extent of adoption and/or use of the new technology x i (t) by firm i in time t;
ii. a vector of firm, R i (t), and environmental/industrial, R j (t), characteristics reflecting the concept of rank effects;
iii. the extent of industry usage of the new technology y j (t) reflecting between-firm stock and order effects, upon the basis that the payoff to the firm depends upon what rival firms are doing. These effects are generally expected to be negative unless network effects are particularly strong; iv. two "experience" terms, to reflect epidemic arguments, the first being a measure of the firm's own experience, E i (t), (often proxied by time since own first adoption), the second being the experience that the firm gains from observing other users, E j (t), (often proxied by the extent of diffusion in time t).
We therefore write:
The essence of any diffusion model is that it is dynamic providing insights into the spread of a technology over time. However the data available to us are single cross sections that provide snap shots of the state of that dynamic process in the year 2000. It is thus obviously not possible to explore the dynamics of the process. Instead we intend to use the model to predict the factors that should be considered as determinants of in inter and intra firm usage in the year 2000 in the two countries. The cross section approach is also used by Forman et al. (2002 Forman et al. ( , 2003 , BCS (2004) and Hollenstein (2004) in similar analyses (a rare example of an analysis based on longitudinal data is .
Under appropriate assumptions BCS (2004) show that using (1) the extent of use may be determined as (2):
which we take to be our estimating equation 6 of the determinants of e-business usage in 2000. Using (2) and following Battisti and Stoneman (2003, 2005) we thus specify two models with common sets of covariates and dependent variable based on the definition of non-users, basic users and enhanced users present in the CH and the UK datasets. In the first model the dependent variable "ADOPTION" represents users (whether basic and/or enhanced = 1 and zero otherwise) vs. non-users of the internet. The dependent variable "ENHANCED" represents for those firms that have adopted the innovation, the intensity of use i.e. whether enhanced or basic users of the internet. "ADOPTION"
clearly measures inter firm diffusion, "ENHANCED" mirrors the intra firm diffusion of ICT.
We model the remaining covariates based upon the existing inter firm literature as well as data availability. A summary of the variables specification is reported in Table 2 .
Insert Table 2 here
We model the extent of rank effects, R i (t), via the following firm specific indicators:
i. Firm size as measured by the number of employees (greater than 20) in full-time equivalents (divided by five) in 1999 for CH and 1998 for the UK. An extensive literature suggests that larger firms are more likely to adopt an innovation. We therefore expect the size of the firm to exert a positive impact upon inter firm diffusion. With respect to intra firm diffusion Battisti (2000) found that although large firms adopt innovations more frequently than smaller firms, once the technology is adopted smaller firms use it more intensively than larger firms. This finding has also been found in studies of the diffusion of e-commerce where the size coefficient often has turned out to be negative or not significant in the intra firm diffusion equation (see BCS, 2004 , Hollenstein and Woerter 2004 , Hollenstein, 2004 . We therefore expect to find a significant positive sign upon size in the inter firm model and a negative (not necessarily significant) sign in the intra firm model.
ii. a series of innovation variables reflecting whether the firm has recently introduced any process or product innovation(s) new to the industry (in the CH case: "new to the firm") or whether the firm has been conducting any R&D activities in the previous years. We name such variables ProcNov, ProdNov and R&D. We have introduced them, following Cohen and Levinthal (1989) , on the grounds that innovative firms may have a greater "absorptive capacity" for new technologies. Consequently, they may adopt ICT and E-commerce more frequently than firms which do not innovate.
We expect them to exert a positive impact upon inter and the intra firm diffusion.
iii. Education measured by the proportion of employees with a degree in science and engineering (PropSci) and in other subjects (PropOther) in the UK firms; and by the proportion of employees with university or non-university tertiary degree, e.g. a polytechnic degree, a degree in non-university business administration, not differentiated by type for CH. Such variables are used as a proxy for human capital and skills. They are expected to exert a positive impact on the adoption and extent of use of diffusion of ICT (see BCS, 2004 , Hollenstein, 2004 , Hollenstein and Wörter, 2004 , or Arvanitis and Hollenstein (2001) in the case of AMT.
iv. Organisational factors (Org) are believed to influence the likelihood of adoption
and intensity of use of a new technology. The profit seeking firm will most likely adopt ICT once new organisational practices are introduced (see Milgrom and Roberts, 1990 , Greenan and Guellec, 1998 , Brynjolfsson and Hitt 2000 , Bresnahan et al. 2002 , Gretton et al., 2004 (2004) showed for the UK that ICT is most likely adopted once new organisational practices are introduced. We therefore expect a positive sign of the variable measuring organisational change. Besides, one could argue that a positive influence is more likely in case of intra than inter firm diffusion, since adoption costs are much higher if a thorough redesign of a firm's organization is required than for incremental adjustments of organization which, in most cases, are sufficient at the stage of (first)
adoption. Therefore, we would not be surprised if organisational factors impact positively only on intra firm diffusion, whereas they are insignificant (or their impact is only weak) in the inter firm equation (for a discussion of small adjustments vs.
systemic changes of organization see, for example, Milgrom and Roberts, 1995) .
Finally, it could be argued that "organisational change" in a cross-section analysis of ICT diffusion may cause endogeneity problems. Due to data limitations this issue cannot be tested. However, found that organisational changes and ICT adoption do not take place simultaneously. They also found that the adaptation of organisational structures tends to take longer than the introduction of ICT (see for similar results Bresnahan et al., 2002 , Hollenstein, 2004 or Hempell et al., 2004 . We therefore assume that the firm's organization changes in a more sluggish way than the adoption/diffusion of ICT.
In order to control for environmental and market characteristics R j (t) we include the following sector specific rank effect: Table 1a /b). We leave to the empirics to determine their magnitude and sign.
In equation 2 the remaining terms y j (t) and E j (t) reflect the within industry extent of use of the new technology by rival firms. In particular y j (t) accounts for between firm stock and order effects, also called pecuniary effects, while E j (t) reflects the epidemic type of learning from the experience of the others or network effects (see BCS, 2004 for a definition of pecuniary and non-pecuniary or network effects). As standard practice in the literature we measure such effects via the extent of industry usage proxied by the number of users in the sector to which the firms belongs. In particular we measure:
vi. the proportion of firms with enhanced use of internet in the particular SIC category (Intra)
vii. the proportion of firms with at least basic use of internet in the particular SIC category (Inter).
As it improves numerical stability of the model without significantly affecting other parameter estimates, these variables are entered as logit transformations (see also BCS, 2004) . Unfortunately this approach will not be able to separate out the negative impact of the stock and order effects from the positive impact of learning and network externalities. We therefore leave to the empirics to determine whether there are externalities and which effect dominates in the diffusion of ICTs.
The remaining variables in (2) are E i (t) and P i (t).
E i (t) is a measure of the firm's own "experience" of the new technology aimed to reflect the intra firm epidemic learning argument. However, given the cross sectional nature of the dataset and the lack of information on the date the firm first introduced the innovation, we cannot test its impact.
The other term, P i (t), is the cost of acquiring the new technology. Astebro (2004) in his inter firm study on the adoption of CNC and CAD specifically separates out capital and non capital costs of adoption. For e-business the capital costs might be quite a small proportion of total adoption costs. However, as we are unable to measure adoption costs in total or by sub division we just talk of adoption costs in aggregate. In addition we assume that the adoption cost is the same for each firm and thus include its impact in the constant term. However to the extent that this cost may differ across firm size it will be reflected in the parameter on the firm size variable. Manufacturing and Services. The results are reported in the first two columns of Table   5 . For this model the Wald test of independence of equation (3a) and (3b) cannot be rejected (see the last row of Table 3 ). In line with the findings of Battisti and Stoneman (2003, 2005) , that suggests that the intra and the inter firm adoption decisions are independent and that to be an adopter does not necessarily mean to be an extensive user (see also Hollenstein and Wörter, 2004 for similar results).
. Estimation procedure and results
In
Insert Table 3 here
The last two columns of Table 3 report the single probit models estimated under the assumption of independence of the intra firm model (a) and the inter firm model (b). It is on these sets of results that we concentrate the remaining part of the paper.
Before proceeding further it is worth noticing that in both inter and intra firm modelling the dependent variable is the state of diffusion in year 2000 while some of the independent variables refer to the year 2000 (e.g. PropSci and PropOther) and some other to the period 1998-2000 (e.g. Org). We define the former as potentially endogenous while the latter are potentially 'weakly endogenous' variables. However, with the exception of the few variables which we lag and use as an instrument, the potential endogeneity issue relating to these variables cannot be fully addressed. Data limitations are such that earlier data is not available for other firm characteristics.
Moreover, the aggregated nature of the partially endogenous variables (i.e. those referring to 1998-2000) cannot be further decomposed. In order to test model stability and potential bias we have estimated the model omitting the potentially endogenous variables (those specified at time 2000). In the UK as well as in the CH case CH case we find that they do not affect the other parameter estimates 7 .
Inter firm diffusion
In both countries the inter firm diffusion of ICT in 2000 is very high (91% in Switzerland and 90% in the UK see Tables 1a and 1b) and almost close to their saturation points. However, as reported in the bottom part of Table 3 , the factors driving the inter firm diffusion process differ quite significantly between the two countries.
In Switzerland, adoption is mostly driven by sector characteristics, firm size and human capital. That suggests that non-users (in our interpretation, firms with hardly any scope for using the internet) are predominantly small firms in construction, but also to some extent (low-tech) manufacturing firms, and small businesses in traditional services.
There is not much scope for inter firm epidemic effects.
In the UK, contrary to Switzerland, firm size and industry structure do not suffice to explain adoption. Rather organisational change, absorptive capacity (R&D and human 7 In the UK case we have tried to use the variables present in the CIS2 to instrument the variables at time 2000 in the CIS3 survey. Unfortunately, merging the CIS2 and CIS3 gives a longitudinal sample of only 10% the size of the observed CIS3 sample. Of these enterprises, 31% did not report on internet usage in 1996 reducing the usable sample from 4642 to about 300 enterprises. Therefore we did not consider this possibility further.
capital), inter firm epidemic learning and knowledge spillovers (Inter) are important determinants of first adoption. While organisational factors influence adoption only in the UK, human capital plays an important role in both countries. The differences in the pattern of explanation probably reflect specificities of the business environment and the nature of the knowledge base of the economic activities of the adopting firms in the two countries.
The intra firm effect shows a negative sign across specifications in both countries. This means that extensive use by rival firms slows down inter firm diffusion by reducing the expected gains from adoption. However, such stock effects do not appear to be strong enough to become statistically significant for firms' adoption decisions in year 2000.
Intra firm diffusion
In the year 2000, although both countries still have scope for increasing the degree of intra firm diffusion, in Switzerland the extent of use of ICT 8 is greater than in the UK (75.4% of the Swiss and 28% of the UK firms in the sample are enhanced users see table 1a and 1b). This is reflected in a number of ways in the diffusion modelling.
As shown in the top part of Table 3 , for the UK the significant intra firm diffusion drivers are: (i) the firm's innovative capability as indicated by whether the firm has introduced any process innovations and undertakes R&D (ii) epidemic learning from the experience of other enhanced users (Intra). Note however that the employees' education levels are not significant (as it is the case in the adoption decision). Also the size of the firm is not significant -although the coefficient is negative the estimate is very imprecise. This is as predicted.
In the CH case, contrary to the UK, firms that have not conducted R&D seem to be more likely to extensively use ICT. This is probably because in the year 2000 R&D intensive firms are already using ICT at high intensity. Increasing the number of adopters among rival firms seem to generate a significant negative inter firm stock effect upon the decision to extensively use a new technology. As such it slows down the intra firm diffusion process in the year 2000. In the UK equation, the same negative 8 In case of intra firm diffusion, the CH results are the same in case of ICT as a whole (Hollenstein, 2004 ) and E-selling (Hollenstein and Wörter, 2004) , but not in case of E-purchasing (no significant impact of an innovation variable); the difference between E-selling and E-purchasing seems plausible in view of the higher complexity of setting up an electronic platform for E-selling (Hollenstein and Woerter, 2004) .
effect exists but it is not significant. Learning effects and knowledge spillovers seem to play a certain role in the CH economy as well but they are not statistically significant as in the UK case.
In the Swiss model the structural variables (industry dummies, firm size) affecting the adoption decision loose their explanatory power in case of intra firm diffusion, while behavioural factors such as the introduction of new organisational practices gain in importance in the decision to use the innovation more intensively. This result is not surprising since the scope for deepening intra firm diffusion is much higher than in case of the first use of ICT where the saturation point more or less is reached.
In summary, the insignificant size effect in case of intra firm diffusion we find in both countries supports the proposition that smaller firms once having adopted ICT use it (at least) to the same extent as large companies. This result is common to previous intra firm studies based upon the behaviour of UK and CH firms (Battisti, 2000 , BCS, 2004 , Hollenstein, 2004 , Hollenstein and Woerter, 2004 . Negative between-firm stock and order effects (Inter) as well as positive intra firm learning effects (Intra) seem to be relevant to some extent in both countries; however, the former are statistically significant only in the CH case (Inter), the latter in the UK (Intra). Organisational factors are the only statistically significant intra firm diffusion driver common to both countries. This is an important finding that is in line with recent studies on the importance of organisational change as a factor determining intra firm diffusion of ICT (see the references in Section 4). We note, however, that the adoption of ICT (inter firm diffusion) is influenced by organisational factors only in the UK. The fact that we do not find such a positive influence in the CH case may reflect the insight that a fundamental redesign of organization becomes necessary only beyond a certain minimum level of ICT use (Milgrom and Roberts, 1995) .
Conclusions
This paper explores the joint analysis of inter and intra firm diffusion of innovations within as well as across countries. By using two datasets derived by two rare independent country specific surveys it undertakes a comparison of inter and intra firm diffusion of ICT use in the UK and Switzerland based on: a) the same model specification i.e. common theoretical background and variable specification as in Battisti, Canepa and Stoneman (2004) ; and b) the same general to specific modelling procedure initially proposed by Battisti and Stoneman (2003 , 2005 and later by Hollenstein (2004) as well as Hollenstein and Woerter (2004) . The latter first allows for sample selection to be estimated built upon the assumption that intra firm diffusion is co-related to the decision to first adopt. However, since the two decisions turn out to be independent, each of the two steps is re-estimated using separate independent probit models: one for adoption (inter firm diffusion) and one for extent of use of ICT (intra firm diffusion). In so doing, we address at least some of the problems that have prevented general conclusions on the drivers of intra and inter firm technology diffusion. Most importantly this setting also allows to explore the role of new organisational practices upon the use of ICT and whether organisational factors impact differently on inter and intra firm adoption decisions.
Overall the models give satisfactory results for both countries. The main drivers of the diffusion pattern are consistent with theory, although not all covariates turn out to be significant. Between-firm stock and order effects are an obstacle to the intra firm diffusion (although statistically significant only in the CH case). Learning effects and spillovers from the experience of rival firms are highly relevant in the UK case, to some extent (statistically not significant) in the CH case as well (intra firm diffusion). In general, behavioural variables, as compared to structural factors such as industry affiliation and firm size, are more important in intra than in inter firm diffusion, in particular in the CH case where the extent of ICT use is significantly higher than in the UK. In both countries about 90% of firms use ICT, but in Switzerland the proprotion of enhanced users is much higher than in the UK, i.e. 75% vs. 28%. With respect to the remaining variables, at any point in time, the inter and intra firm adoption decision seem to be driven by different factors. This confirms the important findings of Battisti and Stoneman (2003, 2005) as well as Hollenstein and Woerter (2004) that "adopting'' and "intensifying'' innovation activities are independent choices.
The role of new organisational and managerial practices in decisions on inter and intra firm diffusion deserves particular interest in view of the growing body of literature dealing with the impact of organisational change and ICT on productivity where "organisation capital" and "ICT capital" are conceptualised as complementary assets (see the formal model of Milgrom and Roberts, 1990) , although the empirical evidence with regard to interaction effects on productivity are mixed (see Arvanitis, 2005 for a synopsis of recent studies). We find that organisational innovations are positively related to both inter and intra firm diffusion in the UK, whereas in the CH case organisational change favours enhanced use of ICT (intra firm diffusion) but not its adoption. The different results for the two countries may reflect the higher level of diffusion in the Swiss economy. Although we could not strictly control for potential endogeneity of organisational innovations as explanatory variable, the problem does not seem too serious according to some indirect tests. This result may reflect the notion of a more sluggish adaptation of organisational structures as compared to ICT use (see Milgrom and Roberts, 1995 , Breshnahan et al., 2002 , Hollenstein, 2004 and is consistent with who did not find a clear precedence in the adoption of ICT and new organisational practices.
Given that the UK is at a relatively early stage of intra firm diffusion this study seems to suggests, as already mentioned, that significant differences in the explanatory pattern exist between the UK and Switzerland depending on their diffusion stage. However, taking into account the different levels of diffusion, the model estimates yield quite consistent results suggesting that comparative research is a promising way to identifying robust relationships and should be explored further.
One of the most important shortcomings of this paper is to be found in the crosssectional nature of this study. In an ideal world one would use panel data or longitudinal data to investigate the diffusion pattern over time. However, due to the cross sectional nature of the international data available to us we are not able to unravel the dynamic of the diffusion process in the two countries over time or to deal effectively with the potential endogeneity of some of the variables. Therefore, an extension towards an analysis of longitudinal data (panel estimations), provided suitable data become available, would be highly desirable. 
